Introduction
It has long been considered that water disinfected at 0.5 mg/L of free residual chlorine for 30 minutes at a pH less than 8, with a turbidity of less than 1 NTU would constitute minimal health risk to consumers. 1 Recently, however, increasingly sensitive analytic methods have permitted the detection of viruses2 and parasites3 in water meeting current water quality standards. This and several reported outbreaks of viral and parasitic diseases of waterbome origin4 have prompted a review of the safety of current standards. 5 The suggested standards are based on the absence offecal coliform bacteria in drinking water, fecal coliform bacteria being indicators of fecal pollution, and the ensuing risk of the presence of pathogenic microorganisms. The absence of total coliform bacteria in a majority of the samples collected is also recommended as an indicator of treatment efficiency.
While the current microbiological tandards of water quality have virtu. y eliminated explosive outbreaks of waterborne disease,6 there is no assurance that populations consuming drinking water prepared from sewage-contaminated wastes are free of less virulent gastrointestinal (GI) disease. While studies have addressed the health effects of recycled wastewaters7,8 or of substandard drinking water,9 all have relied on cases reported to the health care system to evaluate potential health effects. Other studies have addressed the health risks associated with chemicals in water or with disinfection byproducts.'O The present project was intended to directly and empirically answer the following question: Is there any measurable excess of GI illness related to the consumption of tap water prepared from sewage-contaminated surface waters and which meets current microbiological and physico-chemical water quality criteria?
Methods

Study Area
The study was carried out in a suburban area of Montreal comprised mainly of French Canadians with socioeconomic and education levels similar to the average of the Metropolitan Montreal area. The residents of this area are served by a single water treatment plant, which uses stateof-the-art treatment with pre-disinfection, flocculation by alum, rapid sand filtration, ozonation, and final disinfection by chlorine or chlorine dioxide. The raw water to be treated is drawn from a river which is mainly contaminated by human sewage discharges with little contamination from chemicals. The distribution system serves a population of about 40,000 people and distributes water meeting current microbiological and physico-chemical water quality standards.5 A pilot study had shown that over 90 percent of the population drinks unmodified tap water and that the water was considered by the consumers to be of good to excellent quality.
Study Design
In order to determine the level of gastrointestinal illnesses attributable to drink-ing water, we carried out a randomized trial in which some households were left with their usual tap water and others were supplied with a domestic water filter which eliminates most chemicals and all particulate and microbiological matter from the tap water.
The sampling process was undertaken to enroll approximately 600 households for study, half randomly assigned to the filtered water group and half to the tap water group. Using a directory of inhabited addresses for the study area, households were selected at random and telephoned in random order. A screening questionnaire served to determine whether the household satisfied the five eligibility criteria: 1) owner-occupied; 2) French-speakingoccupants;3) regular consumers of tap water (as opposed to bottled or filtered water); 4) at least one child between the ages of2 and 18 living in household; 5) willingness to participate in a longitudinal trial in which a random half of the households would have a filter installed. A total of 3,741 households were contacted before we achieved our quota of eligible study households. After randomization, there were 299 families in the filtered water group (1,206 individuals) and 308 families (1, 201 
Intervention
For the tap water group participants, there was no intervention and no suggestion to modify their normal water consumption patterns.
For the participants allocated to the filtered water group, under-the-sink filtration units were installed by professional plumbers, at no expense to the family, during the start-up period of FebruaryMarch 1988. The filters were commercial domestic reverse-osmosis units attached to the cold water line and placed under the kitchen sink. They were composed of a prefilter, an activated charcoal filter, a reverse osmosis membrane cartridge, and a 15-liter reservoir containing the purified water. During the reverse-osmosis process, tap-water is forced through a molecular filter which is permeable only to very small molecules such as water and some inorganic salts. Microorganisms, particulates, and most chemicals are rejected by the membrane and discharged to the drain. The filters were obtained, installed, and maintained by a local supplier. Prefilters and charcoal were changed after nine months of use or upon clogging. Efficiency of the units was monitored weekly by the family informant using a small conductivity tester. Water in the reservoir of such units is pressurized by the water pressure of the main inlet to the house and is available at all times in sufficient quantity for normal usage by the whole family.
Background Infonmation and Health
Outcomes
All participating households were initiallyvisited in January and February 1988 by a nurse who carried out an interview on baseline factors and explained the way the health data would be collected. The baseline data included sociodemographic and medical history information on each household member. The health end-point of interest was GI symptomatology and this was determined primarilyby means of a family health diary maintained prospectively by all study families for the whole period except for the two-month summer break. A simple self-administered questionnaire was designed to be completed in two-week blocks. One household member, usually the female head, was designated as the informant. The informant was responsible for noting for any household member on each calendar day each incident ofthe following events: nausea, vomiting, or diarrhea (soft or liquid). If any of these three symptoms was recorded, the presence of the following accompanying symptoms was to be noted: fever, cramps, muscular pain, cold or flu, sore throat, absence from work or school, visit to a doctor, or hospitalization. For any positive reports, we inquired as to possible reasons such as food overindulgence, pregnancy, and visits to countries with high endemic levels of GI illnesses. At the end of each two-week period, a nurse from our staff telephoned the informant and asked for the information recorded on the diary. The regular and frequent contact by our staff was intended to encourage reporting accuracy.
For the purpose of statistical analyses reported here, we defined an episode ofhighly credible GI (HCGI) symptoms as involving at least one of the following combinations: 1) vomiting or liquid diarrhea with or without confinement to bed, consultation with a doctor, or hospitalization, or 2) nausea or soft diarrhea combined with abdominal cramps with or without absence from school or work, confinement to bed, consultation with a doctor, or hospitalization. Episodes with plausible etiologies apart from the one under study (e.g. pregnancy) were excluded from consideration. An episode was further defined as consisting of one or more symptomatic days, with at least six consecutive symptom-free days between the episodes.
StatiticalAnalyses
Outcome parameters included the percentage of study subjects with episodes, the annual incidence of episodes and the duration of episodes. The study subjects can be seen as the family units or as the individuals within these family units.
Some analywses were crude and thus included no other covariates apart from group membership while others included covariates to adjust for some imbalance in the two groups. The covariates included in the model, in addition to tap water/filter water status were: age, sex, and geographic subregion. Estimates of incidence of HCGI illnesses in the two groups were derived by means of Poisson regression methods.11 Since this technique counts each episode as an independent event, a correction had to be made for the correlation between repeat episodes by the same unit of observation. This was done using the "quasi-likelihood" approach,12 which amounts to reducing the nominal significance of each result by a factor related to the amount of this correlation. Adjusted rates were estimated from the results of the fitted model. Each regression model gave an estimate ofthe p-value associated with the parameter for group membership. The preventable fraction of disease was computed by dividing the difference in rate between the tap water and filtered water by the rate in tap water group. The percentage ofsubjects with episodes over some period of time was estimated by two methods, logistic regression, and proportional hazards analysis. Both ofthese techniques are based on data relating to the first episode that the individual experienced during the period of observation; the number of episodes experienced is ignored. The logistic regression analysisl3 requires that the period of Druking Water Related to GI Illnesses observation be equal for all study subjects. Thus this analysis had to be limited to subjects for whom there were no missing data during the entire field work period. However, this analysis provided estimates ofpercentages of study subjects in both study groups who had at least one episode. The proportional hazards analysis by contrast can use all study subjects irrespective of the length of observation period but it estimates a rate ratio rather than a pair of rates.14 Water Consumption River water used for the preparation ofthe drinldngwaterwas contaminated by fecal material ofhuman origin as indicated by the high levels of the following pathogens and indicator microorganisms found in the rawwater entering the plant: human entericviruses (78viruses/100L), total coliforms (57,530 cfu/L), fecal coliforms (3,674 cfu/L), C. perfingens (623 cfu/L), A. hydrvphla (6, 590 cfu/L), and P. aeruginosa (41 cfu/L). Treated water (tap water) at the filtration plant was free of any detectable indicator bacteria and free of human enteric viruses and in compliance with regulations. However, bacterial growth was observed in the water filtration units as previously reported.18 Shty Population Charactenistics Table 1 reports the age and sex distributions of the two study groups at the study outset. By and large, the randomization produced very similar groups, although there were slightly more very young and fewer very old in the filtered water group than in the tap water group.
Over 95 percent of eligible families maintained their participation for Period 1 ( Table 2 ). For the entire two periods, the participation rateswere 86.0 percent in the tap water group and 92.6 percent in the filtered water group.
Water Consumption Table 3 shows that at home the two groups consumed about the same amount of water, the tap water group consuming only tap water and the filtered water group consuming almost entirely filtered water. Away from home, both groups consumed mainly tap water and in both groups there was about five times as much water consumed at home than outside the home.
Disease Outcome
During the study period there were no outbreaks of gastrointestinal diseases officially reported to the local health authorities. The number of visits to physicians for gastrointestinal symptoms and of hospitalizations was similar in both groups.
Altogether 65 percent of families experienced at least one episode of HCGI symptoms during the entire period of observation and about 23 percent of individuals had at least one episode. The overall incidence of HCGI was 0.66 episodes per person per year and the mean duration of an episode was 1.9 days. The yearly incidence of HCGI symptoms was higher in Period 1 (Table 4A ) than in Period 2 (Table  4B) . Age was a strong determinant of incidence ofHCGI symptoms with the highest rates in the under 5 age group. Table 5 reports the incidence rates in the two groups adjusted to the covariate distribution of the tap water group. Three units of observation were analyzed: the family as a whole, the informant, and the youngest child within the family. Again, the pattern of difference between tap and filtered water groups was quite similar for the different units of observation and across the two periods. Using the entire family data, the preventable fraction was 35 percent in the Period 1 and 32.8 percent in the Period 2. Combining the two periods, the adjusted incidence rates were 0.76 in the tap water group and 0.50 in the filtered water group (p < 0.01).
The HCGI episode is a synthetic combination of a number of GI-related symptoms. Similar analyseswere done for each of the symptoms included in the diary: the findings were very similar to what was observed forthe synthetic HCGIvariable.
Dose-Response Relationsh@
To determine whether increased tap water consumption in the home was associated with increased risk of morbidity, we restricted attention to the tap water group. Poisson regression analyses were carried out with the number of episodes in the entire second period as the dependent variable and the estimated number of giasses ofwater consumed per week as an independent variable. Table 6 shows that for both informants and youngest chil-dren, there was an increasing risk with increasing consumption. Among the tap water group there was no relationship between the quantity of water consumed outside the home and morbidity. Among the filtered water group there was no relationship between the quantity of water consumed inside or outside the home and morbidity (results not shown).
Nature ofthe Fxcess
Analyses were also carried out to determine whether the higher incidence in the tap water group was due to more people experiencing symptoms or whether it was due to the same core of people experiencing more episodes. These analyses were restricted to those families for whom complete data were available for the entire study. As shown in Table 7 , there was a slight difference between the two groups in the percentage of subjects with episodes, but the number ofepisodes per person affected was considerably higher in the tap water group than in the filtered water group. This implies that the main effect of tap water consumption was to increase the number of episodes among susceptibles.
Discusion
This randomized trial was carried out to determine whether drinking water conforming to currently accepted microbiological standards was the source of any excess of GI disease when compared with a group drinking the same water after a molecular filtration to remove contaminants. The study was carried out in a relatively homogeneous middle class suburban neighborhood, and the overall observed incidence of gastrointestinal symptoms was similar to incidence rates reported in other North American populations.9--2' The difference between the periods is within range for this type of symptoms. There was, however, a clear and significant excess ofHCGI symptoms among the tapwater drinkers as compared with filtered water drinkers. This finding was bolstered by the relative consistency of the effect across different age, sex, subregion, and informant/proxy categories, and the observation that among tap water drinkers there appears to be an increasing risk with increasing consumption.
Before proceeding to speculate as to the reasons and impact ofthese findings, it is important to consider possible sources of bias, the main one being reporting bias. Although the intervention was randomized, study subjects were not blinded. The possibility of having a sham filter installed in homes of tap water subjects was considered, but it was not technically and financially feasible. Subjects with a sham filter would have perceived the inefficacy of their filter and would have recognized the characteristic chlorine odor of tap water.
It is conceivable that subjects participating in the tap water group but aware of the study objectives exaggerated their morbidity relative to the filtered water group. Similarly, subjects in the filtered water group, if they had faith in the quality of their water may have underestimated their morbidity. However, we doubt whether such biases had any significant effect. Symptoms such as vomiting and liquid diarrhea are not subjective and open to interpretation. If such biases were operating, it is likely that they would be most pronounced at the outset and diminish with time as the novelty of the health diary wore off. However, over the 15-month study period, the relative excess of GI disease was fairly constant, arguing against any such bias. Furthermore, the observation of a dose-response relationship is less plausibly attributable to such biases. As a general check on the credibility of the quality of reporting, it is of interest that the estimated incidence rate is similar to reports from other North American centers and the relative consistency of the effect across the different categories. 19-2' Outside the home, study subjects from both groups consumed water from all kinds of sources. Thus there was some misclassification in labeling one group as tap water consumers and the other as filtered water consumers. Moreover, this would tend to attenuate the effect of any true difference due to domestic water source and thus reinforces the importance of the difference observed. Similarly, the finding of an apparent dose-response relationship in the tap water group is particularly impressive given the crudeness of the measure of dose which was based on a one-point-in-time survey. The treated water leaving the filtration point was free of bacterial pathogens and indicator bacteria as well as ofcultivable human enteric viruses.
Drinking Water Related to GI Illnesses Public Health Impact
In the past decade, there has been growing concern about the safety ofpublic water supplies. Much of this concern has focused on presumed noninfectious outcomes such as cancer and birth defects and, in this context, there is some fear that chlorination byproducts may be harmful.1,22 Heretofore, it was assumed that current water quality standards were sufficient to protect the public against the risk. of GI disease; the apparent lack of outbreaks seemed to support this view. Our results suggest that there is a non-trivial endemic level of unreported GI diseases due to the consumption of tap water; 35 percent of gastrointestinal illness was estimated to be attributable to the consumption of dfinking water meeting current water quality standards. 5 The main impact of tap water consumption seemed to be in increasing the numbers ofepisodes ofsusceptibles rather than in increasing the numbers of people with episodes. The severity of these illnesses was low and resulted in few demands on the health care system. The community studied is typical of many North American communities in terms of its water source being contaminated by sewage discharges, its modern water treatment facilities, its treatment procedures which are widely used, and its sociodemographic characteristics. Our results raise questions about the adequacy of current standards of drinking water quality, including source water quality, treatment procedures, and bacteriological quality ofthe water in the distribution system as well as in-house plumbing. E
